Population size of European otters (Lutra lutra) was estimated in Pollino National Park (southern Italy) by genetic typing of fresh feces collected in the field. Of 187 fecal samples gathered, 185 (98.9%) yielded otter DNA, 77 (41.2%) were successfully typed, and 23 different genotypes were identified. A nonlinear regression between the number of typed spraints and the cumulative number of identified genotypes was repeated after randomization of the sample until it gave an estimated otter population of 34-37 animals (0.18-0.20 otters/km of watercourse). The applied method represents a valuable conservation tool, combining the advantages of an indirect survey with the accuracy of an exhaustive census.
The European otter (Lutra lutra) declined in central and western Europe during the 20th century because of hunting, destruction of riparian habitat, and chemical pollution, forming fragmented populations especially in eastern Germany, western France, Spain, and southern Italy (Conroy and Chanin 2002; Macdonald and Mason 1994; Mason 1995; Ruiz-Olmo et al. 2002) .
In Italy, the current range of the European otter has become restricted to some southern regions (Prigioni 1997) , where our study area, Pollino National Park, plays a strategic role for the maintenance of residual otter populations (Prigioni et al. 2003) . In this context, monitoring the distribution and population trend of European otters in areas where the species has declined is important for management and conservation of otters (Mason and Macdonald 2004) .
Given that otters have nocturnal and secretive habits, it is difficult to observe them in their habitats. As a consequence, monitoring of otters usually relies on feces, although many authors have suggested that this technique must be used with caution when trying to assess abundance and habitat use (Jefferies 1986; Kruuk and Conroy 1987; Kruuk et al. 1986; Mason and Macdonald 1987) .
Recent progress in molecular techniques allowed isolating and analyzing the DNA in epithelial cells shed from the gut of animals along with feces, which can be gathered in the field. Typing highly polymorphic regions of nuclear DNA, a ''genetic fingerprint'' of individual animals can be obtained, providing an alternative census method of animals without the need to trap or observe them (Creel et al. 2003; Kohn et al. 1999; Pearse et al. 2001; Piggott and Taylor 2003; Wilson et al. 2003) . For rare or elusive species, this can be a powerful technique that combines the advantages of an indirect and noninvasive survey with the accuracy of an exhaustive census.
In Pollino National Park and surrounding areas, marking activity of otters revealed a widely distributed otter population (Prigioni et al. 2005b ). Here, we describe a field study aimed to assess the otter population size by the systematic collection of fresh feces followed by fecal genetic typing. The main waterway is the Sinni River, which forms a wide eastwest-oriented valley in the north portion of the protected area and flows into the Ionian Sea, and by the Mercure-Lao River, which originates from the Pollino massif and runs southwestward toward the Tyrrhenian Sea. There are 408 km of rivers and streams in the park, of which about 212 km and 73.5 km form the Sinni and the MercureLao rivers, respectively. The river and stream network has a density of 0.21 km of watercourses per square kilometer. Most streams are characterized by a rapid flow with shallow water, dominated by salmonids. More-productive sites for fish (mainly cyprinids) predominate in the middle and lower stretches of the Sinni River.
MATERIALS AND METHODS
Discharge peaks in winter and is lower in summer. In the study period, the monitored rivers showed a mean width of 6.5 m (range ¼ 2-15 m) and a mean depth of 0.40 m (range ¼ 0.2-2 m). Waters are intensively used for field irrigation in summer. Canalizations and embankments often deeply alter riverbeds and riparian vegetation, which, when undisturbed, consists mainly of poplars (Populus alba and P. nigra), alder (Alnus glutinosa), and willow trees (Salix).
Collection of fresh feces and DNA typing.-From 31 March 2004 to 13 September 2004, fresh otter feces were collected in 10 waterways of the park and surrounding areas. We collected feces in the early morning to prevent drying and DNA degradation during the day. The low depth of the monitored streams allowed us to examine all shoreline areas and to walk into the water on both riversides and around small islands. Only feces of fresh appearance were gathered. Normally, it was easy to distinguish fresh feces found in highly marked sites by the difference in contents, color, and moistness. The necessity to gather only fresh feces helped us when feces were found overlapped, because the fresh one (when present) was the last to be laid on the top of the heap.
Fecal samples were immediately stored in 95% ethanol to preserve them until genetic analysis. DNA was extracted using the GuSCNsilica method (Gerloff et al. 1995) , and 12 microsatellite loci (Lut435, Lut453, Lut604, Lut701, Lut733, Lut715, Lut782, Lut818, Lut832, Lut833, Lut902, and Lut615) were used to genotype each fecal sample (Dallas et al. 1999 (Dallas et al. , 2002 . After a preliminary evaluation, Lut733 and Lut782 were excluded because the 1st showed monomorphy and the 2nd showed a high incidence of allelic dropout.
Samples were processed by the multiple-tubes approach (Taberlet et al. 1996) , with several polymerase chain reactions being performed for each locus to allow the identification of reliable genotypes. A statistical evaluation, performed by the software RELIOTYPE (Miller et al. 2002) , permitted us to accept genotypes that achieved 95% estimated probability of reliability. Each locus was amplified by polymerase chain reaction at least 4 times. Software GIMLET (Valiere 2002 ) allowed us to group data and to identify individual genotypes. The typing process was calibrated using a genetic profile of the species obtained from 2 individuals found dead in the study area in 2001.
The rate of genotyping success (number of fecal samples yielding reliable genotypes divided by number of samples yielding a successfully DNA extraction) was compared for months and rivers monitored using a chi-square test.
Estimation of population size.-A genetic analogue of mark-recapture analysis was considered unlikely to produce a reliable estimate of otter abundance because our typed feces were highly dispersed over a large area and it was not possible to clearly identify 2 or more sampling periods (simulating recaptures) with large enough samples of typed feces. Therefore, the otter population size was estimated according to Kohn et al. (1999) and Wilson et al. (2003) . The number of typed feces was related to the cumulative number of identified genotypes, and a nonlinear regression was performed (SPSS 12.0.1, SPSS Inc., Chicago, Illinois) using the following function: y ¼ ax/ (b þ x), where y is cumulative number of individual genotypes, x is number of feces sampled, a is the asymptote, and b is rate of decline of the curve. The population size was projected as the asymptote a. The regression was repeated after randomization of the sample, because the order by which feces are analyzed affects the shape of the curve and hence the value of the asymptote. The procedure was interrupted at the first 50 iterations leaving the mean of the a values (a mean) with variation of ,0.2%. The 95% confidence interval (95% CI) was calculated as a mean 6 1.96 Â SE, where SE was the standard error of the a sample and 1.96 was the 95% probability of the 2-tailed standardized normal distribution (z). The estimated otter population density was calculated using the population size and the total length of monitored watercourses (183.8 km).
RESULTS
A total of 187 fresh feces were collected in the field. Otter DNA was extracted from 185 (98.9%) fecal samples and of these, 77 (41.2%) samples were successfully typed. Twentythree different genotypes, corresponding to as many otters, were identified (Table 1 ). The proportion of spraints yielding reliable genotypes did not vary among months (v 2 ¼ 8.
One hundred forty iterations proved enough to stabilize on 35.5 as the mean value of the asymptote of the rarefaction curve (Fig. 1) . The otter population size could be estimated as 34-37 individuals (95% CI), corresponding to 0.18-0.20 otters/km of watercourse. 
DISCUSSION
The intense otter marking activity along the watercourses of our study area produced a high density of spraints that were easily detectable on prominent rocks, under bridges, or on the shores of small islands scattered in the streams. The mean density of feces recorded in 2001-2002 was 31.7 fecal samples/ km, but reached, for some intensively marked stretches, 378 fecal samples/km (Prigioni et al. 2005b) . Therefore, the possibility of obtaining an exhaustive census of the otter population by an indirect survey represents a valuable opportunity, both for the relative high abundance of feces in the field and for the difficulties of census methods based on otter observation or capture. Moreover, the manipulation of a sufficient number of wild otters raises ethical implications in countries where the species suffers a high risk of extinction (Bulgarini et al. 1998; Prigioni 1995) .
Nevertheless, in Mediterranean areas, where riparian vegetation cover is scarce along most river stretches and insolation and air temperatures are high from April to October, DNA degrades rapidly. As a consequence, a high percentage of fecal samples may not yield reliable genotypes, as happened in our study area. On the other hand, high water speed and discharge occurring in winter made it difficult to uniformly search shoreline areas and forced us to concentrate the collecting of fecal samples in warm months, and collecting in early morning hours was necessary to prevent drying of feces. Moreover, the small size of otter feces (resulting in a lack of genetic material) makes DNA extraction more difficult than in other carnivores, and a high percentage of otter fecal samples did not yield enough DNA to allow at least 4 amplifications. As a consequence, to obtain a fecal sample as representative as possible of the otter population of our wide study area, the search was extended over 5 months. It is likely that the otter population in our study area was not demographically and geographically closed during the study period, which could bias our results. Nevertheless, the recent disappearance of the species in the Crati River (south of our study area- Prigioni et al. 2005a) , makes immigration from southern river basins highly unlikely, and the connection of the Pollino system with the Agri River basin (some tributaries flow about 10 km north of our upper study area, above 1,400 m elevation) has still to be demonstrated. Also considering the width of our study area, immigration is unlikely to strongly bias density estimates. Nothing is known about otter demography in southern Italy. According to Mason and Macdonald (1986) , in Great Britain births can occur all year-round. Young start marking when they are 4-5 months old (Polotti et al. 1995) , so births that occurred during our sampling period are unlikely to have affected our results and can be considered unimportant. Influence of mortality cannot be assessed.
Otter density recorded in our study area (0.18-0.20 otters/ km) is similar to densities reported for riverine habitat in Sweden before the sharp decline occurred after the 1960s (0.2 otters/km -Erlinge 1968) (2003) found otter densities ranging from 0.04 to 0.11 individuals/km in northeastern Spain, where a reintroduction program was carried out in the 2nd half of the 1990s. In southern Italy, an estimated otter density of 0.14 individuals/km was recorded in 1989-1991 along the Agri and Basento rivers (Prigioni 1997 ).
If we consider that the main watercourse of the park, the Sinni River, in the 1980s was considered not to be used by otters or to be used by only a few otters (Arcà 1986; Loy and Racana 1986; Macdonald and Mason 1983) , our results suggest that, as opposed to the situation in northern and central Italy (Prigioni et al. 2005a) , in the southern part of Italy the resident otter population could be stable or the species could even be expanding into new areas.
For conservation programs, fecal DNA typing seems to represent a valuable tool to perform periodic estimates of otter density over large areas (see also Randi et al. 2003) , allowing managers eventually to redirect recovery plans toward those watercourses that are likely to play an important role in the expansion of Italian otter populations.
